Leaf physiological and morphological responses were studied in seedlings of seven dipterocarp species planted in three degraded forest environments: grassland, logged remnant forest and secondar y forest. Dr yobalanops beccarii, Parashorea macrophylla, Shorea macrophylla, S. ovata, S. par vifolia, S. seminis and S. virescens were used as study species. The leaf photosynthetic rate at light saturation (A max), the dark respiration rate (R d), light compensation point (I c), leaf mass per area (LMA) and SPAD value were measured during the 38 months after planting. Water loss by detached leaves was also deter mined at 13 months after planting. In the grassland, LMA and A max increased from three months after planting in all species except S. ovata . The time by which 50% of total leaf water content had been lost from detached leaves was positively correlated with LMA, suggesting that species with high LMA (D. beccarii, S. ovata and S. par vifolia ) have high tolerance to desiccation in the grassland. The positive correlation found between LMA and A max indicates that LMA accelerated the photosynthetic rate, although those species with higher A max/LMA (P. macrophylla, S. macrophylla and S. seminis ) had low tolerance of desiccation in the grassland. The seedlings planted in the remnant forest had lower leaf R d and higher SPAD values than in the other environments. Large increase in SPAD value and decrease of I c in P. macrophylla and S. virescens suggest that both species have acclimation ability to the remnant forest. The lowest mortality and I c in the remnant forest was in S. seminis and suggests high shade tolerance in this species. In contrast, S. ovata , which maintained the highest I c over the measurement period, may suffer greatest mortality in the remnant forest. In the secondar y forest, the leaf A max, LMA and SPAD value were intermediate in value between the other two environments.
INTRODUCTION
Deforestation rates in the lowland rainforest of Southeast Asia have increased significantly, especially over the last years (Hansen and DeFries, ; Wright, ) .
In par ticular, the dominant Dipterocarpaceae family in the lowland rainforest of Southeast Asia is often heavily logged for commercial timber (Whitmore, ). ; Alias et al. ; Kobayashi, ; Lamb et al. ) .
Growth 
MATERIALS AND METHODS

Study site
Our study was carried out in the Niah Forest Reserve, )
, and the forest under study is a typical post fired secondary forest in its species composition (Whitmore, ; Mori, ). These three vegetation patterns are distributed patchily throughout the study area.
Plant materials and planting methods
The planted species were Dryobalanops beccarii Dyer, 
Measurement of water loss by detached leaves
Water loss by detached leaves was determined by gravimetric methods at months after planting (Kaul and Kramer, ; Slavík, ). Mature leaves of five individuals of each species were detached from freshly collected shoots, and were placed with the petiole in water for one night in a saturated atmosphere to allow them to become fully saturated (Peace and Macdonald, ). The water loss from a leaf was measured periodically for about hours at approximately ˚C and % relative humidity.
The leaf water loss generally decreases exponentially with time (Hygen, ; Slavík, ). We calculated the half life after which % of the total leaf water content was left (Hygen, ).
Statistical analysis
We performed two-way analysis of variance (ANOVA) on the leaf physiological and morphological properties from transplantation to months after planting (Socal and Rohlf, ). The significance of the difference was determined using Tukey , s test (P < . ).
pr oper ties wer e analyzed by linear r egr ession.
Dif ferences in leaf proper ties between species were tested by analysis of covariance (ANCOVA), with species
as main factor and LMA as covariable (Socal and Rohlf,
). All statistical analyses were conducted using SPSS ver. . for Windows (SPSS Japan Inc., Tokyo, Japan).
RESULTS
Changes in leaf properties after planting
The photosynthetic rate at light saturation (Amax) increased after planting in grassland in all species except S. ovata, and the rates varied by a factor of two between species ( Fig. ) . S. macrophylla exhibited the highest Amax at months after planting in the grassland, of µmol CO m s -. In contrast, Amax in the remnant forest maintained a stable value for months in all species.
In the secondary forest, Amax was intermediate between values in remnant and grassland ( Fig. ) . The dark respiration rate (Rd) in the grassland increased in all species after planting ( Fig. ) . In particular, Rd at three months after planting was -times higher than at other measurement times. In the remnant forest, Rd continued to decline throughout the months after planting in all species. The rate at months after planting was / -/ of the rate before the seedlings were planted ( Fig. ) .
Leaf mass per area (LMA) increased after planting in the grassland in all species except S. ovata (Fig. ) . S. ovata maintained almost the same LMA throughout the measurement period. In contrast, the LMA in the remnant forest decreased after planting in all species. The SPAD value, which indicates the chlorophyll content in the leaf, increased at three months after planting in all species in the remnant and secondar y forest ( Fig. ) . Thereafter, the value rose gently until months after planting. The SPAD value in the grassland also increased slightly, but the value in some species, such as S. macrophylla, dropped at three months after planting.
The light compensation point (I c ) at months after planting in the remnant forest was lower than in the nursery for all species (Fig. ) . The pattern of the changes after planting was different between the species, however.
S. ovata maintained a higher I c value than the other species after planting (P < . , ANOVA). In contrast, S. seminis had the lowest I c value (P < . , ANOVA).
Parashorea macrophylla and S. virescens had relatively high I c value in the nurser y, but the value dropped at three months after planting. We calculated the degree of variance of the SPAD and I c values from nursery to three months after planting in the remnant forest. A negative relation was observed between both degrees of variance in the remnant forest ( Fig. ) . SPAD and I c values of S. ovata showed little change from nurser y to three months after planting. In contrast, the SPAD value of P. macrophylla and S. virescens approximately doubled, and the I c value fell by more than to % from the nursery to three months after planting.
Relation between leaf photosynthetic rate (A max ) and
LMA
The leaf photosynthetic rate (Amax) is positively correlated with LMA in all species (P < . ; Fig. ) . Differences were found between species by statistical analysis (ANCOVA; P < . 
Leaf desiccation traits and water use ef ficiency (WUE )
The time after which half of the total leaf water had left the detached leaf ( % water loss time) was also positively correlated with LMA in grassland (P < . ; Fig. ) .
Parashorea macrophylla, S. macrophylla and S. seminis, which had lower LMA, had shorter % water loss times than higher LMA species such as D. beccarii, S. parvifolia and S. ovata in the grassland. In contrast, there was no significant correlation between the % water loss time and LMA in the secondary and remnant forest.
Water loss time in the grassland was also in negative relation to the photosynthetic rate per LMA (Amax/LMA; Fig. ) . Some species, which had longer water loss time (D. beccarii, S. parvifolia and S. ovata), showed lower Amax/LMA than shorter species such as P. macrophylla and S. macrophylla.
Changes of water use ef ficiency (WUE) dif fered significantly between species in the grassland ( Fig. ) .
The highest WUE over the measurement period was in D. beccarii (P < . , ANOVA). Although S. parvifolia had low WUE in nursery conditions, WUE in this species increased after planting and showed relatively higher WUE compared with other species. In contrast, S.
macrophylla had high WUE in nurser y conditions, but the value decreased after planting and showed the lowest WUE over the measurement period (P < . , ANOVA). photosynthetic capacity in grassland when the leaf carbon gain is calculated on a total day basis. This negative effect may be large in D. beccarii, S. macrophylla, S. parvifolia and S. seminis, because these species had higher increment ratio of Rd after planting than in the other species. In addition, the SPAD value of S. macrophylla dropped just after planting (Fig. ) , so that this species may be weaker at chlorophyll synthesis (Tange et al.
DISCUSSION
) than the other species under strong sunlight conditions. A long hardening period before planting may therefore be needed for this species. ). We also found that the dark respiration rate was lower in the secondary forest than in grassland conditions in all species, suggesting that the cost of maintaining the photosynthetic apparatus and photo-protective mechanisms is reduced by the canopy covering. In contrast, the photosynthetic capacity (Amax) increased from the nurser y, except S. ovata (Fig. ) . These findings suggest that naturally 
